As an aquaculture effluent is recognized as a source of water pollution, many methods are being researched to solve this problem. It has been reported that the aquaculture effluent contains many organic compounds containing nitrogen, phosphorus, potassium, and calcium. The purpose of this study was to investigate the possibility of using the effluent from bio-floc technology (BFT) inland aquaculture for fertilizing blueberry 'Duke' to promote the growth. The experiment was conducted in a commercial blueberry farm in Jinju, Gyeongsangnam-do, where blueberries are actually cultivated in order to find out the effects of fertilizers in situ. The experiment was carried out with five treatments: control with only irrigation, conventional nutrient solution fertigation, and the fertigation with three concentrations (×1, ×0.5, or ×0.25) of effluent from BFT (Bio-Floc Technology) inland aquaculture. The treatment period was from the beginning of April, when a new leaf of blueberry began to develop, to the middle of June, when the blueberry was harvested, for a total of 10 weeks. As a result of the experiment, the treatments with effluent from BFT inland aquaculture showed better growth qualities than those of control and conventional cultivation. However, there was no statistically significant difference among all treatments regarding the total fruit production. Based on these results, it was concluded that the effluent from BFT inland aquaculture can be used for the cultivation of blueberry because it is equivalent to conventional cultivation method. This study provided a new viewpoint of recycling the effluent from BFT for agricultural purpose to reduce water pollution problems due to aquaculture wastewater.
Introduction
Consumers' interest in health as well as health-oriented color foods has been growing in modern society, and, in particular, black foods that have been known to be effective to loose weight and prevent aging are gaining more attention recently (Oh, 2007) . As people's interest in black foods is growing and blueberry was selected among the top 10 healthy foods by New York Times, it has been introduced as a healthy food on TV shows and in the media and blueberry consumption has rapidly increased (Cho, 2010) . As the consumption of blueberry increases, the size of production areas in Table 1 . Experimental treatment methods of effluent fertilizer for blueberry cultivation. Korea has rapidly expanded from 112 ha in 2007 to 1,082 ha in 2011 to 1,516 ha in 2013 1,516 ha in (RDA, 2011 Kim et al., 2013) .
BFT aquaculture farms are using bio-floc technology (BFT), an eco-friendly farming method that treats the organic nitrogen of the excreta of fish and feed residues using microorganisms to reduce pollution sources (Cho et al., 2015) . In addition, effluent from aquaculture farms has been recognized as a source of pollution and treating effluent has been raised as an issue (Lee, 2001) . Kim et al. (2016a) pointed out that effluent from BFT aquaculture farms contains a variety of components that are useful for the growth of plants, such as organic nitrogen, phosphorus and potassium, and thus can be used to cultivate plants. In order to re-use effluent from BFT aquaculture farms in agricultural businesses, it was compared with chemical fertilizers that have been widely used to cultivate various vegetables such as lettuce, eggplant, pepper and tomato, and there was no significant difference between the effluent and chemical fertilizers, which proves its usability in agricultural businesses (Kim et al., 2016a; 2016b; . These studies, however, designed experiments in actual farms to prove the effectiveness of fertilizers and mentioned the effectiveness of effluent from BFT aquaculture farms.
In this regard, this study aimed to examine the effects of effluent from BFT aquaculture farms on the cultivation of blueberry that has gained attention recently and grown in larger areas, to compare it with cultivation methods used in actual blueberry farms, and thus to examine the possibility of using effluent from BFT aquaculture farms as a fertilizer in actual agricultural farms.
Methods

Materials and Methods
The cultivation experiment was conducted in G blueberry farm located in Jiphyeon-myeon Jinju, Gyeongsangnam-do Plants were divided into 5 groups: the control group, the conventional group (not treated with effluent, but using a conventional nutrient solution), the OEW (original effluent water) group, the HEW (half strength effluent water) group, and the QEW (quarter strength of effluent water) group (Table 1 ). The control group was watered with 3L of water one time per week and the conventional group was fertigated with 3L of the nutrient solution that is conventionally used in farms one time per week. The OEW group was fertigated with 3L of the original effluent water emitted from a BFT aquaculture farm one time per week, and the HEW group was fertigated with the half strength effluent water diluted with water emitted from a BFT aquaculture farm one time per week. The QEW group was fertigated with 3 L of the quarter strength effluent water diluted with water emitted from a BFT aquaculture farm one time per week. The pH level of the effluent used in this study was 5.5, and its Electrical Conductivity (EC) was 0.74 dS･m
. It contained NH 4 -N 10.58 mg･L , and K 39.28 mg･L -1 (Table 2 ). The nutrient solution used in this study is conventionally used in farms, and it was prepared based on the prescription for the standard nutrient solution for blueberry
, PO 4 -P 3.3 mmol･L The accumulated precipitation during the period was 370.6 mm, and the number of precipitation days was 26 days (KMA, 2017) .
Growth and substance analysis
The items of growth analysis include the characteristics of fruit such as sugar content, fruit diameter, the fresh weight of fruit, the total weight of production and the number of fruit, and a functional substances (anthocyanin). The sugar content of fruit was measured using an automatic refractometer (Pocket refractometer PAL-1, Atago, Japan), and the diameter of fruit was measured using digital vernier calipers (Absolute Digimatic 500-182, MItutoyo Co., Japan). The total weight of production and the number of fruit were measured by picking all fruit after 10 weeks of treatment, and collecting ripe fruit only (excluding green fruit). To measure the content of anthocyanin, 5 g of fresh blueberry was collected and ground using an extraction solution (ethanol:distilled water:hydrochloric acid=70:30:1, V/V/V) using the method suggested by Kim et al. (2011) . The extracted solution was centrifuged and the supernatant was collected and diluted to 20 mL. Its absorbance was measured at 520 nm.
Statistical analysis
The measured data were collected using Microsoft office EXCEL, and were statistically analyzed using SAS 9.4 (SAS Institute Inc., USA). Statistical significance between average values was analyzed using one-way ANOVA and Duncan's multiple range test.
Results and Discussion
Growth characteristics of fruit
The growth characteristics of blueberry that were obtained in this study are as shown in Table 3 . The sugar content of the OEW group (10.41°brix) and the QEW group (10.65°brix) was among the highest, followed by the HEW group (10.08°brix), the control group (9.37°brix), and the conventional group (9.24°brix). There was no statistically significant difference between groups treated with effluent emitted from a BFT aquaculture farm, but the sugar content of these groups was statistically significantly higher than that of the control and conventional groups. Considering the result of an earlier study that effluent emitted from a BFT aquaculture farm contains components that affect the growth of plants such as nitrogen, phosphorus, potassium and calcium (Kim et al., 2016a) , these results in this study indicate that the components of the effluent affect the growth of blueberry. In addition, these results coincide with the results of an earlier study that cultivated cherry tomato with effluent from a BFT aquaculture farm, which indicates that effluent from BFT aquaculture farms is effective to increase the sugar content of fruit vegetables such as cherry tomato as well as fruit plants. (Kim et al., 2017) .
The fruit diameter of the OEW group was the highest (1.75 cm), and that of the HEW group (1.70 cm) and the QEW group (1.72 cm) were similar to each other, but there was no statistically significant difference between groups treated with effluent. The fruit diameter of the conventional group (1.64 cm), and the control group (1.56 cm) was statistically significantly lower than that of the OEW and QEW groups. These results are similar to those of the sugar content, which indicates that treatment with effluent from aquaculture farms affects the size of blueberry. The fruit fresh weight of the HEW group was the highest (2.08 g), followed by the control group (1.92 g), the OEW group (1.83 g), the conventional group (1.80 g), and the QEW group (1.67 g), but there was no statistically significant difference between the groups. These results show that treatment with effluent from BFT aquaculture farms does not affect much the individual fresh weight of fruit, but affects the size of fruit.
Content of functional substance
The total content of anthocyanin, a functional substance, in the QEW group was the highest (457.10), followed by the conventional group (444.19), the OEW group (411.68), the control group (356.24), and the HEW group (323.29) (Fig. 1) .
These results do not coincide with those of an earlier study that the content of a functional substance in vegetables grown using effluent emitted from a BFT aquaculture farm was higher than that of vegetables grown using a conventional method (Kim et al., 2016b) . Kim et al. (2016b) reported that the content of anthocyanin in eggplant treated with the original and half-strength effluent from a BFT aquaculture farm was the highest, while the results of this study show that the content of anthocyanin in the HEW group was lower than that in the conventional group. In another study on the accumulation of a functional substance in blueberry that was organically cultivated and grown using a conventional method (Wang et al., 2008) , it was found that the content of a functional substance in blueberry organically grown was statistically significantly higher than that in blueberry grown using a conventional method. Treatment with effluent from a BFT aquaculture farm is one way of organic farming. The content of anthocyanin in the QEW group was the highest, but that in the HEW group was similar to the control group in this study, which does not coincide with the results of earlier studies that the content of functional substances in tomato, pepper and eggplant grown using effluent from BFT aquaculture farms increased (Kim et al., 2016b; . In this regard, it is necessary to conduct a follow-up experiment on effluent from BFT aquaculture farms that affects the content of anthocyanin in blueberry more systematically, and to identify optimal levels of effluent for different plants or varieties.
Total fruit production
The results of the total blueberry production per unit tree are as shown in Table 4 . The total weight of fruit of the QEW group was the highest (457.10 g), followed by the conventional group (348.15 g), the HEW group (323.29 g), the control group (263.23 g), and the OEW group (241.30 g). The number of fruit of the conventional group was the highest (195), followed by the HEW group (176.7), the QEW group (146), the control group (137.7), and the OEW group (136). In terms of the total production such as the total weight and the number of fruit, there was a difference between the groups treated with effluent from a BFT aquaculture farm and the conventional group, but no statistically significant difference. Thus, it will be necessary to conduct an additional experiment on this.
Conclusions
As people's awareness of environmental pollution has been raised and pollution sources have been strictly regulated, treating effluent from aquaculture farms has become an urgent issue. In particular, effluent emitted from aquaculture farms that contains organic components from fish causes water pollution. Due to these issues, the aquaculture industry is searching ways to handle effluent from aquaculture farms. Against this backdrop, this study was conducted to find ways to re-use effluent from aquaculture farms for agricultural purposes and thus to address these issues. As people's interest in and consumption of blueberry increase, the size of production areas in Korea has expanded. In this study, effluent from an aquaculture farm was used to cultivate blueberry as a fertilizer, and the results showed that the use of effluent emitted from an aquaculture farm was effective to increase the sugar content and the size of fruit, and that in terms of the production of blueberry, there was no significant difference in the fresh weight and the number of fruit between those grown using effluent and those grown using a conventional method. Based on the results, it can be concluded that the original or diluted effluent water emitted from aquaculture farms can be used as a way of organic farming in agricultural farms, and that, by re-using effluent in the agricultural industry, issues related to effluent from aquaculture farms can be addressed. However, there were some limitations in this study. The components of effluent emitted from aquaculture farms are not consistent as they grow different species of fish. For this reason, the components of effluent need to be identified first, and any components that are low or high need to be adjusted. Additional studies need to be conducted to develop methods of transporting effluent to agricultural farms and to compare its components with those of other organic fertilizers and growth characteristics.
